Two psychological refractory period (PRP) experiments were conducted to examine overlapping processing in younger and older adults. A shape discrimination task (triangle or rectangle) for Task 1 (T 1 ) and a lexical-decision task (word or nonword) for Task 2 (T 2 ) were used. PRP effects, response time for T 2 increasing as stimulus onset synchrony (SOA) decreased, were obtained for both age groups. The effect of word frequency on T 2 was smaller at the short SOA than at the long SOA, reflecting slack effects, which were larger for older than younger adults in both experiments. These results suggest that older adults can perform lexical access of T 2 in parallel with the processing of T 1 at least as efficiently as younger adults.
Throughout the past decade, there has been a great deal of research on the cognitive processes used in overlapping-task performance (see Meyer & Kieras, 1997; Pashler, 1994 Pashler, , 1998 , for reviews). A classical version of overlapping-task experimental design is to present two tasks in close succession (T 1 and T 2 for the first and second tasks, respectively), with the stimulus onset asynchrony (SOA) between the stimuli for the two tasks (S 1 and S 2 for T 1 and T 2 , respectively) being varied. Participants are asked to make speeded responses for each (R 1 for T 1 and R 2 for T 2 ), and the response time (RT) for T 1 (RT 1 ) and T 2 (RT 2 ), as well as the accuracy for each task, is measured. The typical finding, that RT 2 increases as SOA decreases, is called the psychological refractory period (PRP) effect (Telford, 1931; see Meyer & Kieras, 1997; Pashler, 1994 , for reviews). The usefulness of the PRP methodology, as noted by Hartley and Little (1999) , is that it provides a valuable tool to understand to what extent the processing of T 1 and T 2 can proceed in parallel and what processing limitations are involved. The current study followed this direction and examined age differences in PRP effects when T 2 involves familiar stimuli.
In this article, we refer frequently to peripheral and central processes. We assume that input (e.g., sensation and perception) and output (response execution) processes are peripheral (see Pashler, 1994) and that memory retrieval (e.g., lexical access), stimulus decisions, and response selection (i.e., decisions about a response) are central (see Logan & Schulkind, 2000) .
Two Major Theories of the PRP Effect
The central bottleneck theory and the adaptive executive control theory have both been proposed as accounts of overlapping-task performance, but they disagree on which processing stage(s) of T 1 and T 2 can be proceed in parallel and which stage(s) must be sequential (Meyer & Kieras, 1997; Pashler, 1984 ; see also Lien & Proctor, in press , for a review). The central bottleneck theory provides an account for RT 2 increasing as the SOA between S 1 and S 2 decreases by hypothesizing that individuals must carry out central processes for T 1 and T 2 serially (i.e., a structural bottleneck; Pashler, 1994) . Performance on T 1 is assumed to be unaffected by the processing of T 2 , because central processing of T 1 is hypothesized to be completed before central processing of T 2 is initiated (see Figure 1A and 1B).
Several predictions on how variable manipulations on T 1 and T 2 will affect RT 1 and RT 2 can be drawn from the central bottleneck model. First, the central bottleneck model predicts that RT 1 will be unaffected by SOA or will increase with SOA (a response grouping effect; Pashler & Johnston, 1989) . Second, central stage manipulations of T 2 (e.g., lexical access or response selection) will combine additively with dual-task slowing that occurs as SOA is decreased (Pashler, 1994; Ruthruff, Pashler, & Klaassen, 2001 ; see Figure 1B , Low Familiarity). Third, the central bottleneck model predicts underadditivity between T 2 peripheral-stage (e.g., encoding) difficulty manipulations and SOA. This phenomenon is termed a slack effect (Schweickert, 1978 (Schweickert, , 1980 , which refers to any prolonging of the T 2 prebottleneck processing stage being absorbed into the slack at a short SOA but not at a long SOA; this produces an underadditive interaction with T 2 complexity (e.g., word frequency) and SOA. This underadditive effect is hypothesized to reflect parallel processing of T 2 memory retrieval or response selection (central processes) along with T 1 response selection if the task difficulty manipulation of T 2 is a measure of memory retrieval or response selection (Lien & Proctor, 2000; Logan & Schulkind, 2000; McCann & Johnston, 1992) . The central bottleneck theory can account for slack effects for perceptual processing stages of T 2 (McCann & Johnston, 1992; Pashler, 1994) , but not for central-processing stages of T 2 (Pashler, 1994;  e.g., memory retrieval or response selection). This is illustrated in Figures 1A and 1B by putting slack after perceptual processes but before central processes in the diagram.
The adaptive executive control theory, derived from executive process interactive control (EPIC) model for the PRP effect, assumes that with adequate practice, individuals can convert declarative knowledge into procedural skill (or condition-action production rules; Meyer & Kieras, 1997) . This theory assumes that individuals have at least some flexible control over T 2 processing stages such that executive processes can suspend or resume T 2 processing between any two processing stages. It accounts for the effect of T 2 variables on RT 1 by allowing individuals to "lock-out" processing on T 2 until T 1 processing is completed; thus, producing the PRP effect. It predicts, as does the central bottleneck model, that either RT 1 will be unaffected by SOA (when the processing of T 2 is locked-out until T 1 processing is complete) or RT 1 will increase as SOA increases (when S 2 is not adequately locked-out). However, unlike the central bottleneck, adaptive executive control theory assumes in certain conditions that both peripheral and central processes for T 1 and T 2 can be processed in parallel, which is illustrated in Figures 1C and 1D by the shaded area in the slack region.
A major difference between the central bottleneck model and the EPIC model is that the central bottleneck theory posits that both task-switching (divided attention leading to the PRP effect for RT 2 ) and limited-capacity processing resources (i.e., a central bottleneck) are relevant, whereas the EPIC model is implemented by using divided attention without a limited-capacity centralprocess bottleneck. Discriminating between these two models has been difficult because there is considerable evidence supporting both the central bottleneck theory (e.g., Allen, Smith, ViresCollins, & Sperry, 1998; Hartley & Little, 1999; Lien, Proctor, & Allen, 2002; McCann & Johnston, 1992; Pashler, 1984 Pashler, , 1994 Pashler & Johnston, 1989 ) and the adaptive executive control theory (Glass et al., 2000; Meyer & Kieras, 1997; Schumacher et al., 1999; Schumacher et al., 2001) .
However, several studies have provided strong evidence that supports the fixed-response bottleneck model (see Lien & Proctor, in press , for a detailed discussion). For example, even after considerable practice, Van Selst, Ruthruff, and Johnston (1999) conresponse selection (or response decision). Thus, even though central processes have frequently been described in terms of response selection (e.g., Pashler, 1994) , they include decision processes, of which response selection is a type, and memory retrieval. RT ϭ response time; S 1 ϭ the first stimulus; S 2 ϭ the second stimulus; R 1 ϭ response to S 1 ; R 2 ϭ response to S 2 ; SOA ϭ stimulus onset asynchrony. Figure 1 . The predictions of the central bottleneck theory (A and B; this model places emphasis on the central-processing bottleneck) and the adaptive executive control theory (C and D; this model places emphasis on the response execution bottleneck) for the high and low familiarity conditions of Task 2. Task familiarity has been assumed to have its primary effect on the central-processing stages (e.g., response selection and memory retrieval, such as lexical access). The central bottleneck theory and the adaptive executive control theories predict that response time of Task 1 (RT 1 ) should not be affected by the difficulty or familiarity of Task 2. However, the central bottleneck theory predicts no slack effect on response time of Task 2 (RT 2 ), whereas the adaptive executive control theory predicts a slack effect of task familiarity. For the central bottleneck model, there is no slack interval for central processes-the slack interval occurs before the onset of central processing. This is illustrated in B. For the adaptive executive control model, a slack interval exists within the central processing stage, allowing this model to predict central processing slack effects. This is illustrated in D. Peripheral processes are assumed to include input (perception) and output (response execution) processes. Central processes are assumed to include memory retrieval, stimulus decision, and tinued to find a PRP effect, albeit a lessened one, even though the adaptive executive control theory predicts that enough practice should eliminate the PRP effect because individuals should become adept at allocating selective attention. Additionally, Ruthruff et al. (2001) and Levy and Pashler (2001) have shown that participants' dual-task performance typically does not reach the same level as does their single-task performance (although see Schumacher et al., 2001) . In four different empirical tests, Lien et al. (2002) have shown that a residual response-selection bottleneck exists in the PRP paradigm, even when the two tasks were highly ideomotor compatible (an extremely "rich" version of stimulusresponse compatibility; see Greenwald & Shulman, 1973) . Finally, although five participants in the third experiment of Schumacher et al. (2001) did show only a small divided-attention cost (14 ms) relative to homogenous single-task performance, another six participants continued to show much larger dual-task costs (see Schumacher et al.'s Table 2 ). Consequently, we believe that the preponderance of the present PRP and dual-task versus single-task data are consistent with modifications of the response-selection bottleneck model, but that adaptive executive control can attenuate, but typically not eliminate, this response-selection bottleneck. Thus, we concur with Logan and Schulkind (2000) that the present PRP data are consistent with parts of both central bottleneck and EPIC models.
Age Differences in the PRP Effect Allen et al. (1998) reported results from two PRP experiments conducted with older and younger adults. Experiment 1 involved tone discrimination (high vs. low: S 1 ) and dot location (top vs. bottom: S 2 ). Experiment 2 involved dot location (S 1 ; see Pashler & O'Brien, 1993) and simultaneous letter matching (same vs. different: S 2 ). The results from both experiments showed that older adults exhibited larger PRP effects than did younger adults, in that they showed larger increases in RT 2 as SOA decreased. Additionally, the findings provide evidence for the bottleneck theory, because RT1 was either unaffected by SOA (Experiment 2) or RT1 actually increased as SOA increased (Experiment 1). The age differences in the PRP effect suggest that older adults showed a larger decrement in serial task switching between T 1 and T 2 . Hartley and Little (1999) have also reported larger PRP effects for older adults than for younger adults in four of their seven experiments. In their study, T 1 involved the color discrimination of the letter X (red vs. green), and T 2 involved letter discrimination (A or B). They concluded that either minimizing the time pressure (or stress) for S 2 or using different response modalities across tasks may have resulted in the elimination of age differences in the PRP effect. However, this argument was not supported by the findings that Allen et al. (1998) obtained with different response modalities for the two tasks. Glass et al. (2000) conducted two PRP experiments and used the adaptive executive control model to simulate the empirical results. In their Experiment 1, T 1 involved tone discrimination of two different tones, and T 2 involved either an "easy" or a "difficult" version of a digit discrimination task on which participants decided on each trial which of two targets appeared. Glass et al. observed a larger PRP effect for older adults than for younger adults, and found a slack effect for task difficulty of T 2 . That is, as SOA decreased, the task difficulty effect decreased. However, there were no age differences in this slack effect. Glass et al. interpreted these results as evidence that both age groups adopted a strategic response deferment: a late lockout point that allowed response selection of T 1 and T 2 to overlap. Consequently, both groups showed a slack effect. It also appears that older adults used a more cautious "unlocking" strategy-they tended to wait longer than younger adults to start or resume T 2 processing. Thus, a larger PRP effect was observed for the older adults than for the younger adults.
In Experiment 2 of Glass et al.'s (2000) study, they used a more difficult T 1 (a four-choice, forced-choice tone discrimination task); T 2 was the same task as the one used in Experiment 1. In Experiment 2, they continued to observe a larger PRP effect for older adults, but the slack effect was eliminated for both age groups. The absence of slack effects suggests that participants were no longer using strategic deferment, but rather response-selection lock-out. Glass et al. hypothesized that participants in Experiment 2 set their T 2 lock-out point before rather than after the response-selection stage of T 2 (i.e., the reverse of the hypothesized process used in Experiment 1). This would result in equivalent difficulty effects for short and long SOA durations. In general, PRP effects increase in magnitude with increased adult age. However, the reasons why such age differences in the PRP effect occur remain to be identified.
Age Difference in Memory Retrieval?
We now address two central issues: (a) Is there a similar bottleneck for memory retrieval as for response selection? (b) If so, how is this affected by increased adult age? Carrier and Pashler (1995) found that the central bottleneck does hold for memory retrieval using a paired-associate memory task for T 2 , but Logan and Schulkind (2000) obtained slack effects for semantic priming in which S 1 is primed by S 2 (i.e., backward priming). Logan and Schulkind used lexical access during a lexical-decision task and semantic priming across T 1 and T 2 lexical decisions as their measure of memory retrieval. It could be, though, that similar category tasks (or dimensional overlap) used for both tasks in Logan and Schulkind's study may produce the response selection for T 2 activated prior to the central bottleneck; thus producing observed slack effects (see Lien & Proctor, in press , for a review). Thus, we did not manipulate semantic priming using lexical decisions in both tasks, as Logan and Schulkind did, but used a visual shape discrimination task as T 1 and manipulated word frequency in a lexical-decision task as T 2 .
A fundamental assumption in visual word recognition research is that word frequency effects (i.e., the faster naming of high-than low-frequency words) index the speed of retrieval from lexical memory (Allen, McNeal, & Kvak, 1992; Allen, Smith, Lien, Weber, & Madden, 1997; Monsell, Doyle, & Haggard, 1989) . Although later decision processes may also contribute to the word frequency effect found in lexical-decision or word-naming tasks (see Balota & Chumbley, 1984) , it does appear that a considerable proportion of the effect has a lexical-access locus-particularly for a lexical-decision task Monsell et al., 1989) . Thus, we classify word frequency effects as a central process measure. Therefore, if slack effects for word frequency occur, this would be evidence against a structural bottleneck for memory retrieval-particularly if such retrieval for T 2 is highly overlearned (Logan & Schulkind, 2000) . Alternatively, if word frequency and SOA show additive effects, this would suggest lexical access for T 2 cannot be initiated before response selection of T 1 is complete (e.g., Carrier & Pashler, 1995) .
Slack effects for memory retrieval are important theoretically because the existence of such slack effects would suggest that individuals can process T 1 while simultaneously processing both peripheral and central processes of T 2 . Although several earlier studies failed to find slack effects for central processes (e.g., Carrier & Pashler, 1995; McCann & Johnston, 1992) , the evidence for central-process slack effects is accumulating. Lien and Proctor (2000) found that the variable of stimulus-response compatibility of T 2 , which has been assumed to have its primary effect on the response-selection stage, showed an underadditive interaction with SOA. Additionally, Logan and Schulkind (2000) obtained evidence of parallel central processing during memory retrieval. Clearly, priming of S 1 by S 2 could not occur unless T 2 lexical access occurred concurrently with the processing of T 1 . Overall, then, it appears that the appropriate question regarding central processing is not whether it is (always) serial or parallel but, rather, which conditions allow for parallel processing and which require serial processing. A major purpose of the present study was to further explore this issue-with particular interest on the role played by age in adulthood.
Relevant here is an embellishment of the framework of Logan and Schulkind (2000) , which makes a distinction between conditionally automatic and unconditionally automatic processes. Logan and Schulkind's dichotomy of conditional versus unconditional automaticity maps roughly onto the concepts of low and high task familiarity. We emphasize task familiarity in the present article because unconditional automaticity for a given task entails specific criteria that may not always be met, even when slack effects are present. The lexical-access component of a lexical-decision task is a critical component of reading (Allen & Emerson, 1991; Allen, Wallace, & Weber, 1995) . Therefore, lexical access is a highly familiar process and has been assumed to be unconditionally automatic.
1
It is important to note, though, that slack effects are assumed to measure parallel processing in just the task difficulty variable that is manipulated. Thus, in the present study, manipulating word frequency on a T 2 lexical-decision task would allow one to examine whether names for highly overlearned semantic items were able to be retrieved in concert with the processing of T 1 central processes. With regard to the present application of age differences, though, it would be of considerable usefulness to have measures of both stage-specific (e.g., memory retrieval slack effects) and general resource measures of parallel processing. One method of measuring the level of overall parallel processing is to examine the functional overlap between T 1 and T 2 by using the sum of the two tasks' RT, with a long SOA to approximate performance on the two tasks done separately. If the time from the onset of S 1 to R 2 for short SOAs (in the present study, 250 ms ϩ RT 2 ) is significantly shorter than the sum of RT 1 ϩ RT 2 at long SOAs (in the present study, for the 1,000-ms SOA, RT 1 ϩ RT 2 ), then the difference is a measure of the general "savings" of processing two tasks together versus processing tasks sequentially (see the savings inequality shown in Equation 1).
2 The central bottleneck theory (Pashler, 1994) assumes that these savings occur because of nonbottleneck overlap in the processing stages of the two tasks (i.e., peripheral process stages). However, this is an assumption that has yet to be documented (particularly in light of Lien & Proctor, 2000; Logan & Schulkind, 2000) . The most parsimonious assumption is that this savings inequality effect reflects a general savings that is due to overall parallel processing. That is, some stages may show no parallel processing of T 2 during central-processing stages of T 1 , but others may. If the following savings inequality holds, where, for example, RT 2 (250 ms) is the mean RT for T 2 at a 250-ms SOA, then there is a net effect of parallel processing:
We were particularly interested in determining whether there are age differences in either overall parallel processing (as measured by Equation 1) or in stage-specific memory retrieval for a semantic task (slack effects for word frequency in a lexical-decision task). Given the results of earlier PRP studies that found no age differences in parallel processing for T 2 central processes (e.g., Allen et al., 1998; Glass et al., 2000; Hartley & Little, 1999) , it seems reasonable to assume that both age groups should show similar levels of overall parallel processing. On the other hand, older adults' particular efficiency advantage at semantic retrieval on a lexical-decision task (e.g., Allen, Madden, Weber, & Groth, 1993) suggests that they should be as efficient or even be more efficient at this type of parallel processing than younger adults.
The Present Study and Predictions
The present study was designed to extend Allen et al. (1998) , Hartley and Little (1999) , and Glass et al. (2000) by testing whether T 2 central processing could be conducted in parallel with T 1 processing when T 2 involved familiar stimuli. Task 1 involved visual shape discrimination, and T 2 was a visual lexical-decision task. To avoid the overlapping presentations of S 1 and S 2 , S 1 was presented on the screen for 200 ms and S 2 on the same location 50, 150, 300, and 800 ms after the offset of S 1 . In other words, the SOA was 250 ms, 350 ms, 500 ms, and 1,000 ms.
The central bottleneck theory predicts that RT 1 will either be unaffected by SOA or increase with SOA (response grouping), and that RT 2 will increase as SOA decreases (a PRP effect). Finally, the central bottleneck theory predicts that slack effects for central processes should not occur (although one certainly could find that slack effects would not occur for an episodic memory task such as the one used by Carrier & Pashler, 1995 , but would occur for semantic memory retrieval). If one assumes that older adults have fewer processing resources than do younger adults, and fewer processing resources correspond to slower processing speed (e.g., Salthouse, 1992) , the central bottleneck theory predicts slower central-stage processing, slower peripheral-stage (nonbottleneck) processing, and increased switch time between the bottleneck stages (i.e., central processes such as memory retrieval and re-sponse selection) of T 1 and T 2 for older adults relative to younger adults. However, if one assumes that older adults are not slower at lexical access than younger adults (Allen, Madden, & Slane, 1995; Allen et al., 1993) , but are slower at peripheral processes and task switching (Salthouse, Fristoe, McGuthry, & Hambrick, 1998) , then overall RT 2 should be greater for older adults than for younger adults-but the PRP effect should be equivalent across the two age groups. Finally, the central bottleneck theory predicts that there will be no memory retrieval slack effects for either age group (see Figures 1A and 1B) , and that younger adults should show larger overall savings (using Equation 1).
Both the adaptive executive control theory and the central bottleneck theory make similar predictions on the PRP effect. The major differences in assumptions between the two are that the adaptive executive control theory locates the bottleneck in the response initiation (selection) stage and assumes that the peripheral perceptual and central response-selection processing of T 1 and T 2 can be processed in parallel (see Figures 1C and 1D ). Consequently, the adaptive executive control model can predict a slack effect for T 2 central processes as well as overall savings effects for both age groups by using this same reasoning.
Experiment 1
Experiment 1 was designed to compare the performance of younger and older adults on both single tasks (shape discrimination and lexical decision) and dual tasks in the PRP paradigm. Traditional capacity theories of attention (e.g., Kahneman, 1973) would predict that there would be an age difference in "cost of concurrence." Having two tasks share the same pool of resources relative to a single task accessing the same pool of resources should result in an extra cost for the dual-task condition, even at the longest SOA. In particular, if older adults possess fewer processing resources than do younger adults, then they should exhibit a significantly larger cost of concurrence (i.e., a larger increase in RT when going from single-task lexical decisions to dual-task lexical decisions). Alternatively, if there is no age difference in general processing resources, then there should be no age differences in the cost of concurrence.
With regard to the dual-task condition, it is predicted that there should be no age differences in the PRP effect for a lexicaldecision task. With regard to the locus-of-slack effect for word frequency, if memory retrieval for T 2 occurs in parallel with T 1 central processing, there will be underadditivity between word frequency and SOA. Logan and Schulkind (2000) found evidence that is consistent with the notion that parallel processing occurs for memory retrieval in a PRP paradigm, even though memory retrieval is a central process. We predicted no age differences in slack effects or an advantage for older adults because older adults typically show similar or even better lexical-access performance compared with younger adults (Allen, Madden, & Crozier, 1991; Allen et al., 1993; Madden, Pierce, & Allen, 1993) . With regard to savings effects (see Equation 1), we also predicted no age differences.
Method
Participants. A total of 40 individuals participated in Experiment 1. Twenty younger adults (mean age ϭ 21.8 years, range ϭ 18 -35 years) who were psychology undergraduates participated for course credit in an introductory psychology course. The 20 older adults (mean age ϭ 72.6 years, range ϭ 61-88 years) were community-dwelling individuals who audited college courses and were paid $20 for their participation. Participants were screened for near visual acuity of 20/40 (using the Rosenbaum pocket vision tester). Younger adults showed significantly better visual acuity than older adults, t(38) ϭ 3.28, p Ͻ .01 (younger visual acuity ϭ 20/21, older visual acuity ϭ 20/26).
All participants were tested on the Wechsler Adult Intelligence ScaleRevised (WAIS-R; Wechsler, 1981) Vocabulary and Digit Symbol Substitution Task subscales. Additionally, the participants provided the number of years of education that they had completed. Older adults had slightly more years for education (15.9 years) than did younger adults (14.5 years), t(38) ϭ 2.25, p Ͻ .05, and older adults showed higher Vocabulary subscale scores (54.8) than did younger adults (44.9), t(38) ϭ 3.50, p Ͻ .01. However, younger adults scored higher on the Digit Symbol subscale (72.8) than did older adults (51.3), t(38) ϭ 6.76, p Ͻ .001.
Apparatus and stimuli. Using a set of five identical Pentium I (166 mHz computers and 15-in. monitors, we tested participants individually. There were two single-task conditions: shape discrimination (triangle vs. rectangle) and lexical decision (Does a four-, five-, or six-letter string form a real English word, or not?). For the shape discrimination task, the rectangle or triangle stimulus was presented in the center of the computer monitor. At the 60-cm viewing distance used for both experiments, the triangle subtended a horizontal visual angle (i.e., the bottom) of 0.48°and a vertical visual angle (i.e., the two sides) of 0.69°. The rectangle subtended a horizontal visual angle of 0.57°and a vertical visual angle of 0.69°. For the lexical-decision task, letter strings were presented in the center of the computer monitor. A six-letter string subtended a horizontal visual angle of 1.85°. Half of the participants responded to the shape discrimination task, using the index and middle fingers of their left hand to press the z and x keys in the lower left corner of the keyboard (i.e., triangle or rectangle response); they responded to the lexical decision task by using the index and middle fingers of their right hand to press the n and m keys in the lower right corner of the keyboard. For the other half of the participants, key assignments to tasks were reversed.
In the dual-task condition, stimulus presentation occurred in the same location as in the single-task conditions (i.e., in the center of the monitor). However, in the dual-task condition, there was a 250-ms, 350-ms, 500-ms, or 1,000-ms SOA between the onset of S 1 and the onset of S 2 . Response key assignments were the same for each participant in the single-and dual-task as in the single-task conditions. Shape and letter-string presentations and data collection were controlled by using the Micro Experimental Laboratory (Schneider, 1988) .
The word and nonword stimuli for Experiment 1 were obtained from the corpus, using stimuli from the very-high and very-low word frequency categories of the that stimulus set were used. The present high-frequency words ranged from 220 to 660 occurrences on the Kucera and Francis (1967) norms, whereas the low-frequency words ranged from 1 to 5 occurrences. Nonwords were formed by misspelling words: The last letter of a real word was changed so that it would not form another real word.
Procedure. Participants were instructed to respond to each stimulus as quickly and as accurately as possible. They were discouraged from grouping the responses to S 1 and S 2 (Pashler & O'Brien, 1993) ; that is, participants were instructed to respond to S 1 as soon as they finished processing it and then to subsequently respond to S 2 when they finished processing this second task. At the beginning of each single-task trial, a fixation point instructing participants to "Press the space bar and continue" was presented in the center of the computer monitor. After the space bar was pressed and a 100-ms delay occurred, the stimulus (either a shape or a letter string) was presented for 200 ms. For the dual-task condition, the shape discrimination task was always T 1 , and the lexical-decision task always served as T 2 . The same 100-ms presentation of the fixation point was used in the dual-task condition, and S 1 was presented for 200 ms in the dual-task condition. After 250, 350, 500, or 1,000 ms (i.e., the SOA), S 2 was presented and remained on the screen until the participant responded to it.
Design: Single-task conditions. The shape discrimination task involved a 2 (age group: younger vs. older adults) ϫ 2 (stimulus type: triangle vs. rectangle) mixed analysis of variance (ANOVA). Age group was a between-subjects variable and stimulus type was a within-subject variable. The lexical-decision task consisted of a 2 (age group) ϫ 2 (word frequency: high vs. low) mixed ANOVA, with age group serving as a between-subjects variable and word frequency serving as a within-subject variable. We analyzed just the word data from the lexical-decision task because nonwords do not contain meaningful measures of word frequency.
Design: Dual-task condition. RT and error data for T 1 were analyzed with a 2 (age group) ϫ 2 (S 1 type: triangle vs. rectangle) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA: 250, 350, 500, vs. 1,000 ms) mixed design, with age as a between-subjects variable and the other factors as repeated measures variables. RT and error data for T 2 were analyzed with a 2 (age group) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA) mixed design, in which age was between subjects and the other two variables were manipulated within subject. There were 18 practice trials and 192 experimental trials for each of the three tasks (shape discrimination: single task; lexical decision: single task and dual task). Thus, for the lexical-decision task, there were 12 word stimuli in each SOA ϫ Word Frequency condition. Each SOA condition was presented separately, and there were three separate molar blocks-(a) shape discrimination: single task; (b) lexical decision: single task and dual task; and (c) shape discrimination (S 1 ) and lexical decision (S 2 ): dual task. There was a total of 12 experimental blocks of trials.
Results
The present RTs for both experiments were trimmed so that all latencies less than 150 ms or greater than 5,000 ms were discarded. This resulted in 1.8% of younger adults' trials and 3.2% of older adults' trials being trimmed.
Single-task analyses. The mean RT and error data for singletask condition of shape discrimination task and lexical-decision task are shown in Table 1 . For shape discrimination RT data, the 2 (age) ϫ 2 (stimulus type: triangle vs. rectangle) analysis showed a main effect for age, F(1, 38) ϭ 14.05, p Ͻ .001 (younger ϭ 468 ms, older ϭ 610 ms), but neither the main effect for stimulus type nor the Age ϫ Stimulus Type interaction was significant ( ps Ͼ .80). The corresponding error analysis showed main effects of age, F(1, 38) ϭ 7.61, p Ͻ .01 (mean percentage error: younger ϭ 2.6%, older ϭ 1.0%), and shape type, F(1, 38) ϭ 15.64, p Ͻ .001 (triangle ϭ 0.9%, rectangle ϭ 2.7%), but no Age ϫ Stimulus Type interaction ( p ϭ .08).
For the lexical-decision RT data, the 2 (age) ϫ 2 (word frequency: high vs. low) analysis showed main effects for age, F(1, 38) ϭ 4.95, p Ͻ .05 (younger ϭ 747 ms, older ϭ 874 ms), and word frequency, F(1, 38) ϭ 78.28, p Ͻ .001 (high ϭ 734 ms, low ϭ 884 ms), but no Age ϫ Word Frequency interaction. The corresponding error analysis showed main effects for age, F(1, 38) ϭ 22.77, p Ͻ .001 (mean percentage error: younger ϭ 8.2%, older ϭ 3.1%), and frequency, F(1, 38) ϭ 94.86, p Ͻ .001 (higher frequency ϭ 1.0%, lower frequency ϭ 10.3%), as well as an Age ϫ Frequency interaction, F(1, 38) ϭ 19.87, p Ͻ .001. Younger adults showed a larger word frequency effect.
Dual-task analyses. Using Pashler and O'Brien's (1993) procedure, we included trials with correct responses on both T 1 and T 2 in RT data analyses. The mean RT 1 across S 1 type in Experiment 1 is shown in Figure 2 , and the corresponding error data are shown in Table 2 . Comparable RT 1 data from Experiment 2 were included in Figure 2 for the purpose of the comparison, which is discussed in the General Discussion section. The 2 (age) ϫ 2 (S 1 type: triangle vs. rectangle) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA) analysis of RT 1 data showed an Age ϫ SOA interaction, F(3, 144) ϭ 3.17, p Ͻ .05, but no other statistically significant effects (although the main effect of word frequency approached significance, p ϭ .10). When the Age ϫ SOA interaction was further examined by analyzing each age group's data separately, there was no SOA main effect for either younger adults ( p ϭ .13) or older adults ( p ϭ .18). The interaction resulted from nonsignificant trends for RT 1 to have increased for younger adults, but decreased for older adults, with increasing SOA (see Figure 2) .
The corresponding analysis for T 1 errors showed a Frequency ϫ SOA interaction, F(1, 38) ϭ 3.34, p Ͻ .05, that resulted from higher errors at the shortest SOA for trials in which S 2 was a lower frequency word (errors as a function of SOA: 250 ms ϭ 3.5%, 350 ms ϭ 2.3%, 500 ms ϭ 0.8%, and 1,000 ms ϭ 1.2%), but relatively consistent errors when S 2 was a higher frequency word (SOA: 250 ms ϭ 1.7%, 350 ms ϭ 1.2%, 500 ms ϭ 2.5%, and 1,000 ms ϭ 1.2%). However, when frequency effects were examined separately at each SOA, the 250-ms SOA approached statistical significance ( p ϭ .086), the 500-ms SOA comparison was statically significant ( p ϭ .02), but the word frequency effects at the other two SOAs were not significant ( ps Ͼ .25). No other effects were significant ( ps Ͼ .05).
RT 2 data are shown in Figure 3 and the corresponding error data in Table 3 . Comparable RT 2 data from Experiment 2 are included in Figure 3 for the purpose of the comparison, which is discussed in the General Discussion section. The 2 (age) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA) analysis of the RT 2 data showed main effects for age, F(1, 38) ϭ 7.28, p Ͻ .05 (younger ϭ 1,143 ms, older ϭ 1,578 ms), word frequency, F(1, were slower than younger adults in responding to words on a lexical-decision task, there were no age differences in word frequency effects or in the PRP effect (Age ϫ SOA: p Ͼ .40). The analogous analysis for T 2 errors showed main effects for age, F(1, 38) ϭ 14.32, p Ͻ .001 (mean percentage error: younger ϭ 10.1%, older ϭ 4.2%), word frequency, F(1, 38) ϭ 89.56, p Ͻ .001 (higher frequency ϭ 2.9%, lower frequency ϭ 11.3%), and SOA, F(3, 114) ϭ 4.00, p Ͻ .01 (250 ms ϭ 8.4%, 350 ms ϭ 8.0%, 500 ms ϭ 6.3%, and 1,000 ms ϭ 5.8%). There was also an Age ϫ Word Frequency interaction for which younger adults showed a relatively larger word frequency effect than did older adults (see Table 3 ).
Slack effects. With regard to slack effects, there was a significant Word Frequency ϫ SOA interaction, F(3, 114) ϭ 5.43, p Ͻ .01, and this interaction was qualified by an Age ϫ Word Frequency ϫ SOA interaction, F(3, 114) ϭ 7.14, p Ͻ .001 (see Figure  3) . To more fully interpret the three-way interaction, we conducted separate Word Frequency ϫ SOA interactions for younger and older adults. These results indicate that older adults showed underadditivity (a slack effect), F(3, 57) ϭ 5.02, p Ͻ .01 (word frequency effect: 250 ms ϭ Ϫ27 ms, 350 ms ϭ 28 ms, 500 ms ϭ 109 ms, and 1,000 ms ϭ 194 ms), and that younger adults showed underadditivity, F(3, 57) ϭ 7.45, p Ͻ .001 (word frequency effect: 250 ms ϭ 295 ms, 350 ms ϭ Ϫ2 ms, 500 ms ϭ 163 ms, and 1,000 ms ϭ 167 ms) for word frequency effects across SOA. For younger adults, though, the underadditivity was present for the three longer SOAs, and older adults' slack effect (the effect was 221 ms for 250-ms and 1,000-ms SOAs) was slightly larger than younger adults' largest slack effect (the effect was 169 ms for 350-ms and 1,000-ms SOAs).
The analogous analysis of T 2 error data in Experiment 1 (see Table 3 for means) showed main effects for age, F(1, 38) ϭ 14.32, p Ͻ .01 (mean percentage error: younger ϭ 10.1%, older ϭ 4.3%), word frequency, F(1, 38) ϭ 89.56, p Ͻ .001 (mean percentage , we tested whether the sum of 250 ms ϩ RT 2 at the shortest SOA interval (250 ms) was less than the sum of RT 1 and RT 2 at the longest SOA interval (1,000 ms). This was a test of overall savings for net parallel processing across all processing stages of both tasks. There was a main effect for type such that the sum of S 1 ϩ RT 2 was significantly smaller (1,919 ms) than the sum of RT 1 ϩ RT 2 at the longer SOA (2,800 ms), F(1, 38) ϭ 26.75, p Ͻ .001. Thus, there was evidence for an overall savings effect. However, this effect did not interact with age, F(1, 38) ϭ 0.00, p ϭ .97 (young: S 1 ϩ RT 2 ϭ 1,765, RT 1 ϩ RT 2 ϭ 2,638; older: S 1 ϩ RT 2 ϭ 2,074, RT 1 ϩ RT 2 ϭ 2,963). Additionally, there were no overall differences across age, F(1, 38) ϭ 1.28, p ϭ .26, although older adults' overall mean (2,518 ms) trended higher than that of younger adults (2,201 ms).
Cost-of-concurrence analyses. To examine whether there were cost-of-concurrence effects, we compared the mean RT and errors in the lexical-decision task in single-and dual-task conditions. This 2 (age) ϫ 2 (task type: single vs. dual-task 1,000-ms SOA) ϫ 2 (word frequency: high vs. low) analysis for RT showed main effects of age, F(1, 38) ϭ 6.22, p Ͻ .05 (younger ϭ 855 ms, older ϭ 1,097 ms), task type, F(1, 38) ϭ 24.80, p Ͻ .001 (single task ϭ 810 ms; SOA ϭ 1,141 ms), and word frequency, F(1, 38) ϭ 74.90, p Ͻ .001 (high ϭ 894 ms, low ϭ 1,058 ms). No other effects were significant ( ps Ͼ .09). However, it should be noted that the nonsignificant Age ϫ Task Type interaction exhibited a power level of only .55. The analogous error analysis showed main effects for age, F(1, 38) ϭ 24.37, p Ͻ .001 (younger ϭ 8.7%, older ϭ 2.8%), and word frequency, F(1, 38) ϭ 39.69, p Ͻ .001 (high ϭ 2.0%, low ϭ 9.5%), as well as an Age ϫ Word Frequency interaction, F(1, 38) ϭ 9.99, p Ͻ .01 (younger: high ϭ 3.0%, low ϭ 14.3%; older: high ϭ 0.9%, low ϭ 4.7%). There was also a Task ϫ Frequency interaction, F(1, 38) ϭ 4.62, p Ͻ .05; the word frequency effect was larger for the single-task condition than for the dual-task condition. No other effects were significant ( ps Ͼ .40). Thus, although older adults were slower but more accurate than younger adults, there were no age differences in the cost of concurrence. However, there was an overall cost of concurrence for both age groups. Similar to the cost-of-concurrence effects in the lexical-decision task, we compared the mean RT and errors for the shape discrimination task in single-and dual-task conditions. This 2 (age) ϫ 2 (task type: single task vs. dual task ϭ 1,000-ms SOA) ϫ 2 (stimulus type: triangle vs. rectangle) analysis for RT showed a main effect of task type, F(1, 38) ϭ 30.64, p Ͻ .001 (dual task ϭ 1,045 ms, single task ϭ 539 ms). No other effects were significant. For the error analysis, there was a main effect for age, F(1, 38) ϭ 5.93, p Ͻ .05 (mean percentage error: younger ϭ 2.5%, older ϭ 1.1%), and an interaction of Age ϫ Task Type ϫ Stimulus Type, F(1, 38) ϭ 9.16, p Ͻ .01. The three-way interaction resulted from older adults showing fewer errors in the 1,000-ms SOA, triangle condition and in the single-task square condition. As was the case for the lexical-decision task analysis, though, there was no evidence of an overall age difference in the cost of concurrence for the shape discrimination task.
Discussion
The results for Experiment 1 showed that, while there was a PRP effect for both age groups, this effect was not any larger for older adults. This suggests that when a familiar task such as lexical decision is used, older adults are able to switch between T 1 and T 2 as efficiently as younger adults. The overall slower responses on the part of older adults were probably the result of slower peripheral processing for these individuals .
Both younger and older adult groups showed evidence of slack effects for word frequency in the lexical-decision task, with the effect being larger for older adults. This implies that word recognition can be activated automatically to some extent prior to a central bottleneck. This Age ϫ Word Frequency ϫ SOA interaction suggests that older adults were able to initiate lexical access before central processing of T 1 was completed (Logan & Schulkind, 2000) more efficiently than younger adults. The clear conclusion from the slack effect data, though, is that older adults showed at least as large of a slack effect as did younger adults. This finding is actually not as surprising as one might think, at first. Specifically, older adults probably are as efficient-or even slightly more so-at lexical access than younger adults .
The present finding of slack effects for word frequency has not always been observed in PRP studies conducted with younger adults using lexical decision and naming tasks as T 2 (McCann, Remington, & Van Selst, 2000) . However, it could be that the present method of using visual presentation for both tasks accounted for why slack effects for word frequency were observed in the present experiment, but not observed in the McCann et al. study, in which different input modalities were used. While using different input modalities may attenuate processing interference, switching between modalities may require more processing resources, thereby decreasing slack, or it may allow more efficient top-down executive control. For example, central executive locking-out of T 2 central processes may be more efficient when attention must be switched for one input modality to another because it has more time.
The overall savings analysis suggests that both age groups showed a net effect of parallel processing across processing stages (see Equation 1 ), but that there were no age differences in the net parallel processing advantage. This finding, that the sum of S 1 ϩ RT 2 for the shortest SOA was significantly shorter than the sum of RT 1 ϩ RT 2 for the longest SOA for both age groups, is consistent with earlier studies in which found no age differences in parallel processing were found (e.g., Allen et al., 1998; Glass et al., 2000; Hartley & Little, 1999) . Additionally, this finding clears up a possible confound with regard to the slack effect reported earlier. Specifically, because RT 1 is correlated positively with the duration of central bottleneck processing, it could have been that older adults' longer RT 1 latencies resulted in more slack into which to absorb frequency effects for RT 2 . However, the use of this same reasoning for overall savings effects across age would mean that at a minimum, older adults showed relatively better parallel processing performance for memory retrieval than for the overall net effect of parallel processing. Put differently, if we take a constant increment (i.e., older adults' longer RT 1 ) from process-specific lexical access and overall net parallel processing, we still come to the conclusion that there are no age differences in parallel lexical access (i.e., processing T 1 and T 2 central information in parallel), but that older adults have a slightly smaller net overall level of parallel processing efficiency. This suggests that older adults have more efficient parallel processing for memory retrieval than overall net parallel processing efficiency.
Cost-of-concurrence analyses represent another method of measuring global processing resources. The data from Experiment 1 also showed no appreciable evidence of age differences in processing resources. That is, if older adults have fewer processing resources available than do younger adults, then older adults should show a relatively larger increase in RT or errors when going from single-to dual-task (1,000-ms SOA) conditions. There was an overall cost of concurrence-both age groups performed better on single tasks than on dual tasks-but there was no age difference associated with this effect. It should be noted, though, that this conclusion was based on an Age ϫ Task Type interaction with fairly low power (.55). Consequently, the present cost-ofconcurrence analyses and savings analyses provide converging evidence with the Allen et al. (1998) , Hartley and Little (1999) , and Glass et al. (2000) PRP findings opposing the idea that older adults have fewer processing resources for all tasks.
The present finding of somewhat larger underadditive word frequency slack effects for older adults (a stage-specific effect), but evidence of equivalent parallel processing across age groups as measured by overall savings (a general effect), is not consistent with the complexity hypothesis (Birren, 1965) and generalized slowing (Cerella, 1985; Myerson, Hale, Wagstaff, Poon, & Smith, 1990; Salthouse, 1996) . This is because complexity theory and generalized slowing predict that age differences in RT must increase as complexity increases. Here, as task overlap increased (i.e., when the SOA decreased), older adults appeared to show more efficient processing than did younger adults as task difficulty increased (i.e., smaller word frequency effects at short SOAs). Thus, older adults' larger underadditive slack effects are not consistent with complexity theory and generalized slowing, and are more consistent with process-specific and task-specific slowing (e.g., Allen, Hall, et al., 2001; Fisk & Rogers, 1991; Sliwinski & Buschke, 1999) . That is, while older adults' overall latencies were longer than younger adults' latencies, older adults were at least as efficient in automatic activation of words as were younger adults. Even if one assumes that older adults' longer RT 1 functionally resulted in poorer parallel processing in the savings anal-ysis and equal parallel processing efficiency in lexical-access processing, it is not clear how a generalized slowing model could account for this stage-specific age difference.
Experiment 2
Experiment 1 found a somewhat larger word frequency slack effect for older adults. Additionally, equivalent levels of savings across age group were observed when testing the inequality presented in Equation 1. It is important to examine, given extensive practice, whether there are differential age differences in slack effects for word frequency and overall savings effects for all processing stages because of their potential relevance to general slowing/resource decrement theories of cognitive aging. Specifically, a widely held theory of cognitive aging is that a decrease in processing resources results in older adults' typically slower and less accurate performance on a wide variety of processing tasks (e.g., Salthouse, 1996) . Replicated results showing that when performing highly overlearned tasks under dual-task conditions, older adults are at least as efficient as younger adults in parallel processing and would certainly raise questions about the generality of the resource decrement hypothesis. Consequently, we conducted Experiment 2 to examine this issue in greater detail.
Experiment 2 was similar to Experiment 1, except that Experiment 2 consisted entirely of dual-task trials and participants received two sessions of practice (Sessions 1 and 2) followed by two sessions of experimental trials (Sessions 3 and 4). Thus, in Experiment 2, participants received four times as many dual-task trials as those in Experiment 1. Only data from Sessions 3 and 4 were used in the data analyses in an attempt to ensure that participants had enough practice to show reliable PRP and slack effects (see Glass et al., 2000; Levy & Pashler, 2001 ). In number of sessions, Experiment 2 is similar to Glass et al. (2000) and Levy and Pashler (2001) . If under highly practiced conditions we can still obtain a larger slack effect of word frequency for older adults than for younger adults, as well as equivalent general savings scores for the parallel processing inequality (Equation 1), then this would provide stronger evidence that older adults do not always exhibit a processing resource decrement. Indeed, this would suggest, in some cases, that older adults actually exhibit better parallel processing under dual-task conditions than do younger adults, and that there are stage-specific age differences in parallel processing. Finally, if response grouping occurs in Session 3, but not in Session 4, this would suggest that individuals have at least partial control on locking-out interference from T 2 central processes, thereby preventing response grouping. This would be consistent with the adaptive executive control assumption of the EPIC model (e.g., Glass et al., 2000) .
Method
Participants. A total of 20 individuals participated in Experiment 2. This experiment consisted of two 60 -90-min sessions. Ten younger adults (mean age ϭ 25.6 years, range ϭ 19 -33 years) who were psychology undergraduates participated for course credit in an introductory psychology course. Ten older adults (mean age ϭ 72.6 years, range ϭ 64 -80 years) were healthy community-dwelling individuals who audited college courses and were paid $30 for their participation in this experiment.
As in Experiment 1, all participants were tested on the WAIS-R Vocabulary and Digit Symbol Substitution Task subscales (Wechsler, 1981) .
There was no age difference in reported years of education (older ϭ 15.1 years, younger ϭ 14.6 years), t(18) ϭ Ϫ0.65, p ϭ .61, but older adults showed higher Vocabulary subscale scores (71.6) than did younger adults (62.6), t(18) ϭ Ϫ4.01, p Ͻ .001. However, younger adults scored higher on the Digit Symbol subscale (73.3) than did older adults (44.9), t(18) ϭ 4.82, p Ͻ .001.
Apparatus, stimuli, procedure, and design. The same apparatus, stimuli, procedure, and design of Experiment 1 were used in Experiment 2, with the exception that Experiment 2 involved two sessions totaling 384 "practice" trials (Sessions 1 and 2, with an additional 36 true practice trials) and two sessions totaling 384 dual-task experimental trials (Sessions 3 and 4, with an additional 36 practice trials). The data analyses were based on the results obtained in Sessions 3 and 4. Thus, for the lexical-decision task, in Sessions 3 and 4, there was a total of 24 word stimuli in each SOA ϫ Word Frequency condition. As before, each SOA was presented separately, so there was a total of eight experimental blocks of trials in each of the two sessions.
Results
Task 1 data. In accordance with Pashler and O'Brien's (1993) procedure, for a trial to be included in the RT analyses, participants must have responded correctly to both T 1 and T 2 . Because of the relatively small sample size used in Experiment 2, we used the 2.5 standard deviation rule to trim RT. This resulted in the trimming of 4.2% of younger adults' RTs and 4.6% of older adults' RT values.
The mean RT 1 averaged across Sessions 3 and 4 in Experiment 2 is shown in Figure 2 . For RT 1 , the 2 (age) ϫ 2 (S 1 type: triangle vs. rectangle) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA: 250, 350, 500, vs. 1,000 ms) ϫ 2 (session: Session 3 vs. Session 4) analysis showed no statistically significant main effect for age ( p ϭ .67), although there was a significant main effect for SOA, F(3, 54) ϭ 9.79, p Ͻ .001, and an Age ϫ SOA ϫ Session interaction, F(3, 54) ϭ 4.86, p Ͻ .01. This result occurred because although younger adults showed evidence of response grouping for both sessions, older adults showed no effect of SOA in Session 4 (see Figure 4) .
The corresponding analysis for T 1 errors (see Table 4 for means) showed no main effect for age ( p ϭ .52), but there was a main effect for SOA, F(3, 54) ϭ 3.35, p Ͻ .05. The main effect for SOA suggests that performance improved as SOA increased. Thus, the error data somewhat attenuate the response grouping effect found for RT (although no such effect was found for older adults in Session 4). Finally, the Word Frequency ϫ Stimulus Type interaction approached statistical significance ( p ϭ .0593). This trend resulted from an increase in T 1 error rate for lower frequency S 2 words relative to the other conditions (higher frequency S 2 : rectangle ϭ 2.2%, triangle ϭ 2.0%; lower frequency S 2 : rectangle ϭ 2.2%, triangle ϭ 2.9%). This interaction suggests that T 2 difficulty did affect T 1 performance in Experiment 2.
Task 2 data. The RT 2 averaged across two sessions (Sessions 3 and 4) in Experiment 2 is shown in Figure 3 . The 2 (age) ϫ 2 (S 2 word frequency: high vs. low) ϫ 4 (SOA) ϫ 2 (session: Session 3 vs. Session 4) analysis of the RT 2 data showed main effects for age, F(1, 18) ϭ 7.28, p Ͻ .05 (younger ϭ 809 ms, older ϭ 1,203 ms), word frequency, F(1, 18) ϭ 42.27, p Ͻ .001 (high ϭ 956 ms, low ϭ 1, 057 ms), and SOA, F(3, 54) ϭ 8.11, p Ͻ .001 (250 ms ϭ 1,054 ms, 350 ms ϭ 1,029 ms, 500 ms ϭ 994 ms, and 1,000 ms ϭ 947 ms). The decrease in RT across SOA indicated the presence of a PRP effect. Additionally, while older adults were slower than younger adults in responding to words on a lexical-decision task, there were no age differences in word frequency effects or in the PRP effect (Age ϫ SOA: p ϭ .45). There was an Age ϫ Session interaction, F(1, 18) ϭ 7.28, p Ͻ .05, that resulted from older adults showing a larger drop in RT over sessions than did younger adults.
Slack effects. With regard to slack effects, there was a significant Word Frequency ϫ SOA interaction, F(3, 54) ϭ 7.25, p Ͻ .001, which was qualified by an Age ϫ Word Frequency ϫ SOA interaction, F(3, 54) ϭ 2.84, p Ͻ .001 (younger: 250 ms ϭ 37 ms, 350 ms ϭ 90 ms, 500 ms ϭ 116 ms, and 1,000 ms ϭ 114 ms; older: 250 ms ϭ 16 ms, 350 ms ϭ 48 ms, 500 ms ϭ 119 ms, and 1,000 ms ϭ 265 ms; see Figure 3 ). To more fully interpret the three-way interaction, we conducted separate Word Frequency ϫ SOA interactions for younger and older adults. These results indicate that older adults showed a significant slack effect, F(3, 27) ϭ 5.48, p Ͻ .01, which was more pronounced in Session 4 (word frequency effect: 1,000 ms ϭ 325 ms, 250 ms ϭ 8 ms; slack effect ϭ 317 ms), than in Session 3 (word frequency effect: 1,000 ms ϭ 206 ms, 250 ms ϭ 24 ms; slack effect ϭ 182 ms), F(3, 27) ϭ 4.55, p Ͻ .05. Alternatively, younger adults showed only a marginally significant slack effect, F(3, 27) ϭ 2.90, p ϭ .053 (word frequency effect: 1,000 ms ϭ 114 ms, 250 ms ϭ 37 ms; slack effect ϭ 77 ms), which did not further interact with session ( p ϭ .18). That is, for both age groups, the word frequency effect actually was attenuated at the shorter SOAs (although older adults' slack effect was larger).
The analogous analysis of T 2 error data in Experiment 2 (see Table 5 for means) showed a main effects for age, F(1, 18) ϭ 5.25, p Ͻ .05 (mean percentage error: younger ϭ 13%, older ϭ 4%), and word frequency, F(1, 18) ϭ 21.05, p Ͻ .001 (high ϭ 4.5%, low ϭ 13.4%), as well as an Age ϫ Word Frequency interaction F(1, 38) ϭ 5.26, p Ͻ .01 (high: younger ϭ 6.7%, older ϭ 2.2%; low: younger ϭ 20.1%, older ϭ 6.7%). There was also a Frequency ϫ SOA interaction, F(3, 54) ϭ 3.75, p Ͻ .05, that occurred because there was a larger frequency effect at longer SOAs (1,000 ms SOA ϭ 8.4%) than at shorter SOAs (250 ms ϭ 4.8%). This effect for errors is analogous to a slack effect for RT. No other effects were significant ( ps Ͼ .10).
Savings effects. As in Experiment 1, we examined savings effects across age group and session (Sessions 3 and 4) in Experiment 2. There was a main effect for age (younger ϭ 1,787, older ϭ 2,472), F(1, 18) ϭ 5.44, p Ͻ .05, a main effect for type (S 1 ϩ RT 2 ϭ 1,787, RT 1 ϩ RT 2 ϭ 2,421), F(1, 18) ϭ 35.29, p Ͻ .001, but no Age ϫ Type interaction, F(1, 18) ϭ 0.86, p ϭ .37, or Age ϫ Session ϫ Type interaction, F(1, 18) ϭ 2.98, p ϭ .102 (young-Session 3: S 1 ϩ RT 2 ϭ 1,513, RT 1 ϩ RT 2 ϭ 1,963; Session 4: S 1 ϩ RT 2 ϭ 1,569, RT 1 ϩ RT 2 ϭ 2,103; olderSession 3: S 1 ϩ RT 2 ϭ 2,172, RT 1 ϩ RT 2 ϭ 2,903, Session 4: S 1 ϩ RT2 ϭ 2,098, RT 1 ϩ RT 2 ϭ 2,715). Consequently, both age groups showed overall savings, but this effect was consistent across age and session.
Discussion
Experiment 2 was designed so that participants received more practice on PRP tasks than did participants in Experiment 1. The results from Experiment 2 replicated the basic findings of Experiment 1. Specifically, older adults showed statistically significant slack effects for both Sessions 3 and 4, yet younger adults showed slack effects only approaching statistical significance. That is, older adults showed a relatively larger decrease than younger adults in a word frequency effect as SOA decreased. Similar to the savings analysis in Experiment 1, both age groups showed equivalent levels of savings in Experiment 2, suggesting that both age groups showed similar levels of net advantage for parallel process- ing across stages. Finally, there were no age differences in PRP effects, although both age groups did exhibit significant PRP effects.
The finding that older adults eliminated their response grouping effect for RT 1 going from Session 3 to Session 4 seems to be consistent with the idea of adaptive executive control (e.g., Glass et al., 2000) . However, PRP effects persisted even after considerable practice (see also Van Selst et al., 1999) , suggesting that a central bottleneck continued to persist for response selection (but not for memory retrieval/lexical access). This latter finding is more consistent with the central bottleneck model. Thus, we again find evidence consistent with portions of both models (see Logan & Schulkind, 2000) .
General Discussion
The central concern of this study was to determine how increased adult age affects parallel processing for specific processing stages (slack effects for word frequency) and for combined processing stages (savings effects). Allen et al. (1998) , Hartley and Little (1999) , and Glass et al. (2000) failed to find evidence of age differences in processing resources when using a PRP methodology (i.e., older adults did not show smaller slack effects). These earlier studies found evidence that older adults experienced more difficulty than younger adults in encoding and serial time-sharing (or executive control if one prefers an EPIC interpretation; see Meyer & Kieras, 1997) , as evidenced by age differences in the PRP effect. (Note, though, that these earlier tasks did not involve highly familiar processes such as lexical access.) The results from Allen et al. and Hartley and Little suggest the presence of a structural central bottleneck in which participants could process S 1 and S 2 peripheral processes in parallel, but that processing needed to be completed for S 1 central stages before S 2 central-stage processing could be initiated (see Carrier & Pashler, 1995; Pashler, 1998 , 1994 , Pashler & O'Brien, 1993 Welford, 1952) . Thus, participants were required to rapidly switch from the central processing of T 1 to that of T 2 after the completion of central processing of T 1 .
However, Meyer and Kieras (1997) and Schumacher et al. (1999) provided evidence that response selection of T 2 could be initiated in parallel with that of T 1 . Glass et al. observed slack effects in response-selection difficulty for both younger and older adults. Additionally, Logan and Schulkind (2000) reported results in which memory retrieval processing of T 2 could be initiated 
Parallel Processing in Older and Younger Adults?
The present results from both experiments suggest that when tasks and stimuli are familiar (i.e., lexical access during a lexicaldecision task), there are no age differences in the PRP effect. In these experiments, we observed a consistent PRP effect for both age groups (see Figure 3) . Therefore, the present results suggest that age differences in the PRP effect are affected by the level of task and stimulus familiarity/automaticity.
Older adults' data in both experiments exhibited underadditivity between word frequency and SOA for RT 2 (see Figure 3 )-a slack effect (Schweickert, 1978 (Schweickert, , 1980 . The word frequency effect was smaller at the shortest SOA than at the longest SOA. Younger adults' data showed strong trends for slack effects, as well. These results suggest that concurrent T 1 and T 2 central processing occurred in both of the present experiments such that lexical access (i.e., memory retrieval) in T 2 was initiated before central processing was completed for T 1 (shape discrimination: rectangles vs. triangles). Hence, at the shortest SOA, participants had already begun performing lexical access so that both low-and highfrequency words were able to be accessed before a response was made for T 1 . This result replicates the finding of Logan and Schulkind (2000) that memory retrieval of T 2 can be performed in parallel with T 1 processing.
What we find most interesting about the present underadditive effects for word frequency and SOA, though, is that older adults did not show a processing decrement in this effect relative to younger adults. This is an important finding because it suggests that older adults were at least as efficient in parallel processing in the PRP paradigm as were younger adults. Indeed, older adults actually showed larger slack effects for word frequency than did younger adults. This finding suggests that older adults were more efficient at this type of parallel processing (lexical access) than were younger adults. Furthermore, for Experiment 1, that there were no age differences in the cost of concurrence for two tasks versus one task provides further evidence that for the present tasks, there were no processing resources decrements for older adults.
Of course, one could claim that younger adults' lower vocabulary scores indicated that they did not have some of the lowfrequency words coded in their mental lexica. However, Allen et al. (1997) found that younger adults did tend to have even lowfrequency words coded in their lexica. Still, even though younger adults do tend to have very-low-frequency words coded in their lexica, they may not always be stably represented (e.g., Allen, Hall, et al., 2001 ). This suggests that while both age groups do have the present low-frequency words represented in their lexica, older adults may have some lower frequency words represented more stably than younger adults. Indeed, this is a parsimonious way to account for age differences in word frequency slack effects.
In addition, for both Experiments 1 and 2, there were no age differences in savings time. Again, note that savings refer to the advantage of processing two tasks that have greater temporal overlap relative to the same two tasks with less temporal overlap. Alternatively, the cost of concurrence refers to the cost of processing two tasks together compared with processing those same two tasks separately. By savings, we mean the advantage for S 1 ϩ RT 2 for the shortest SOA condition (250 ms) relative to RT 1 ϩ RT 2 for the longest SOA condition (1,000 ms) was equivalent across age. These results suggest that older adults showed no general decrement in processing resources. In fact, the finding of larger slack effects for older adults suggests that under certain circumstances older adults may have a parallel processing advantage.
Complexity and Generalized Slowing
Older adults' significantly larger slack effects represented an underadditive age effect. Additionally, the general savings scores did not differ across age. These results are inconsistent with generalized slowing. However, older adults did exhibit longer overall latencies-a finding that is consistent with some type of age-related slowing. Consequently, the present results are consistent with earlier studies that have found that some processing stages are not slowed with increased adult age, but others are (Allen & Emerson, 1991; Allen et al., 1993; Balota & Ferraro, 1993 , 1996 . Thus, the present data are more consistent with a process-specific interpretation of age differences. This mixture of process-specific and generalized age effects is consistent with Madden's (2001) review of the overall cognitive aging literature on processing speed. We also agree with Madden's conclusion in this review: "It will be important to determine how both types of effects [process-specific and generalized] contribute to cognitive functioning" (p. 305). In the present case, it appears that older adults exhibit no age differences in retrieval time on a highly familiar task (e.g., older adults' larger slack effects for word frequency in the present experiments; see also Allen, Hall, et al., 2001; Allen, Sliwinski, Bowie, & Madden, 2002) . However, it is important to remember that older adults' overall latencies were still slower than were younger adults' latencies. One might wonder how parallel processing could be equivalent across aging (e.g., the equivalent savings scores for both age groups), but this is quite possible. Namely, even if parallel processing occurs, there is no reason to assume that the same age difference found for single-task processing will not continue to be present for dual-task processing.
Implications of the Present Study
The present study suggests that, while older adults are slower, they show at least comparable task switching and parallel processing efficiency compared with younger adults-particularly for lexical access (see also Allen et al., 1993) . Although these results initially seem highly counterintuitive, we believe that they make sense if one assumes that parallel processing occurs only when tasks and stimuli are highly familiar (Logan & Schulkind, 2000) . Other aging research supports this idea. For example, Fisk and Rogers (1991) found no Age ϫ Memory Set Size interactions for memory search when using consistent mapping after extensive practice. Madden, Gottlob, and Allen (1999) found that younger and older adults showed comparable improvements in visual search performance when they were directed to attend to a distinct subset of display items (attentional guidance). In a similar manner, in the present PRP task, when older adults are proficient at a task using familiar stimuli (e.g., lexical access), they show comparable, if not superior, parallel processing performance to that of younger adults.
